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Objective: To evaluate the effect of implementing real-time audio-
visual feedback with and without postevent debriefing on survival 
and quality of cardiopulmonary resuscitation quality at in-hospital 
cardiac arrest.
Design: A two-phase, multicentre prospective cohort study.
Setting: Three UK hospitals, all part of one National Health  Service 
Acute Trust.
Patients: One thousand three hundred and ninety-five adult 
patients who sustained an in-hospital cardiac arrest at the study 
hospitals and were treated by hospital emergency teams between 
November 2009 and May 2013.
Interventions: During phase 1, quality of cardiopulmonary resus-
citation and patient outcomes were measured with no intervention 
implemented. During phase 2, staff at hospital 1 received real-time 
audiovisual feedback, whereas staff at hospital 2 received real-
time audiovisual feedback supplemented by postevent debriefing. 
No intervention was implemented at hospital 3 during phase 2.
Measurements and Main Results: The primary outcome was return 
of spontaneous circulation. Secondary endpoints included other 
patient-focused outcomes, such as survival to hospital discharge, 
and process-focused outcomes, such as chest compression depth. 
Random-effect logistic and linear regression models, adjusted for 
baseline patient characteristics, were used to analyze the effect of 
the interventions on study outcomes. In comparison with no inter-
vention, neither real-time audiovisual feedback (adjusted odds ratio, 
0.62; 95% CI, 0.31–1.22; p = 0.17) nor real-time audiovisual feed-
back supplemented by postevent debriefing (adjusted odds ratio, 
0.65; 95% CI, 0.35–1.21; p = 0.17) was associated with a statisti-
cally significant improvement in return of spontaneous circulation or 
any process-focused outcome. Despite this, there was evidence of 
a system-wide improvement in phase 2, leading to improvements in 
return of spontaneous circulation (adjusted odds ratio, 1.87; 95% 
CI, 1.06–3.30; p = 0.03) and process-focused outcomes.
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Conclusions: Implementation of real-time audiovisual feedback 
with or without postevent debriefing did not lead to a mea-
sured improvement in patient or process-focused outcomes 
at individual hospital sites. However, there was an unexplained 
system-wide improvement in return of spontaneous circulation 
and process-focused outcomes during the second phase of the 
study. (Crit Care Med 2015; 43:2321–2331)
Key Words: cardiac arrest; cardiopulmonary resuscitation; 
debriefing; feedback; guideline adherence; quality improvement
The quality of cardiopulmonary resuscitation (CPR) is an important determinant of survival following car-diac arrest (1–5). However, observational data suggest 
that high-quality CPR is infrequently delivered in practice 
(6, 7). Approximately 35,000 patients have in-hospital car-
diac arrests in the United Kingdom each year, of whom less 
than 20% survive to leave hospital (8). Strategies that improve 
adherence to resuscitation guidelines should lead to improved 
outcome following cardiac arrest (9).
Real-time audiovisual feedback and postevent debriefing 
have been identified as two such strategies. Studies conducted 
in a Chicago hospital provided early evidence that these strat-
egies may be associated with improvements in CPR quality 
(10, 11). In 2010, the International Liaison Committee on 
Resuscitation identified the need for further research into both 
interventions (12). The objective of this study was to evaluate 
the effect of implementing real-time audiovisual feedback with 
and without postevent debriefing on survival and the quality 
of CPR at in-hospital cardiac arrest.
MATERIALS AND METHODS
Study Design and Setting
We conducted a two-phase prospective cohort study across the 
three hospital sites, which are part of Heart of England National 
Health Service (NHS) Foundation Trust, a large teaching acute 
NHS Trust with over 1,400 beds. The three hospitals are geo-
graphically distinct.
At each hospital site, cardiac arrests are managed by a multi-
disciplinary emergency team (13). The team is alerted to cardiac 
arrest events by a beeper system, which is activated by the hospi-
tal telephone switchboard on receipt of an emergency call. The 
team leader is a certified Advanced Life Support provider, whereas 
other clinical team members hold either Advanced Life Support 
or Immediate Life Support provider certification. Care is delivered 
in accordance with Resuscitation Council (UK) guidelines (14).
The study was approved by the Coventry research ethics 
committee, who waived the requirement to obtain informed 
consent from study participants.
Study Participants
Study participants were consecutive adults (≥ 18 yr) who had a 
cardiac arrest at study hospitals between November 2009 and 
May 2013, and who were treated by the hospital emergency 
team. Cardiac arrest was defined as the absence of a central 
pulse that required treatment with chest compressions or defi-
brillation. Patients were excluded if they had a documented 
“do not attempt CPR order,” had an out-of-hospital cardiac 
arrest, or had previously participated in the study.
Data Collection
Cardiac arrest events were identified through the emergency 
call register maintained by the hospital switchboard. For each 
cardiac arrest, a core dataset of demographic, CPR quality, and 
outcome data was collected. Standardized definitions for each 
variable were used (15, 16).
During the study, cardiac arrest trolleys in areas at high 
risk of cardiac arrest, such as hospital wards, emergency 
departments, and ICUs, were equipped with study defibrilla-
tors (Phillips MRX QCPR defibrillators; Phillips Healthcare, 
Andover, MA). Study defibrillators incorporated a small accel-
erometer puck that was placed on the patient’s chest during 
CPR, to record CPR quality data. Full details of the device have 
been reported previously (6, 17).
CPR process data were downloaded from study defibrillator 
records, and then up to the first five available minutes of data 
for each CPR variable (chest compression depth, chest com-
pression rate, flow-fraction, chest compression incomplete 
release, preshock pause, and postshock pause) were extracted. 
Standardized definitions were used for each variable (16). 
This was done automatically for accelerometer data by manu-
facturer software (Event Review Pro 4.2; Phillips Healthcare, 
or QCPR Review version 2.1.0.0; Laerdal Medical, Stavanger, 
Norway). Where providers failed to use the puck accelerom-
eter, transthoracic impedance or electrocardiogram data (all 
variables except chest compression depth and incomplete 
release) were analyzed manually by study personnel (R.A.F., 
M.C., K.C., J.Y.).
Study Interventions
The study consisted of two phases. During the first phase 
(November 2009 to November 2011), the study core dataset was 
collected for each eligible cardiac arrest event at the three study 
hospitals with no intervention delivered at any hospital. During 
phase 2 (November 2011 to May 2013), the real-time audiovi-
sual feedback function was activated on study defibrillators at 
hospital 1 and at hospital 2. In addition, staff at hospital 2 also 
received cardiac arrest postevent debriefing. During phase 1 at 
all hospitals and during phase 2 at hospital three, both audio 
and visual feedback were disabled on study defibrillators.
Real-time audiovisual feedback was provided by study 
defibrillators (Phillips MRX QCPR defibrillator; Phillips 
Healthcare). The defibrillators provided audio and visual 
prompts to rescuers to enable correction of CPR tech-
nique to comply with current resuscitation guidelines 
(14). Training in the use of devices was delivered through 
mandatory CPR training and training roadshows that were 
undertaken within study hospitals. The postevent debrief-
ing intervention at hospital 2 was based on that described 
by Edelson et al (11). Postevent debriefing meetings, which 
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lasted approximately 45 minutes, were held on a weekly 
basis during phase 2. All interested clinicians were invited 
to attend meetings, where lunch was provided. Meetings 
reviewed recent cardiac arrest events and relevant research, 
with a particular focus on CPR quality. Defibrillator data 
downloads, including CPR quality data, were used to foren-
sically reconstruct events. Full details of the study inter-
ventions, based on the TIDieR (template for intervention 
description and replication) framework are provided in 
the online supplement (Supplemental Digital Content 1, 
http://links.lww.com/CCM/B363) (18).
Outcome Measures
The primary study outcome was return of spontaneous 
circulation (ROSC), defined as a return of circulation that 
persisted for at least 20 minutes. A prestudy 12-month 
audit showed that the Trust’s baseline ROSC rate was 44%. 
To demonstrate a 16% absolute improvement in ROSC, as 
observed in the study of cardiac arrest postevent debriefing 
by Edelson et al (11), based on a simple comparison of the 
two phases, a sample size of 152 patients was required in 
each phase at each hospital site to achieve 80% power at a 
significance level of 0.05 (19). Simulations were conducted 
to demonstrate that this power was also achieved for the 
random-effects logistic regression model described below 
and to estimate the power using this analysis with the actual 
sample sizes obtained.
Secondary outcomes consisted of other patient-focused and 
process-focused outcomes. Patient-focused outcomes included 
survival to hospital discharge and discharge neurologic status, 
as measured by the cerebral performance category (CPC) score 
(8). CPC score was analyzed dichotomously as good (CPC 1 or 
2) or poor (CPC 3, 4, or 5) neurologic outcome, as is standard 
in the resuscitation literature. Process-focused outcomes 
included chest compression depth, chest compression rate, no-
flow fraction, preshock pause, postshock pause, and incidence 
of chest compression incomplete release.
Statistical Analysis
Baseline patient characteristics were summarized for patients 
in each study phase. Data for categorical variables were sum-
marized using percentages, with proportions for phases 1 and 
2 compared using chi-square tests. Data for continuous vari-
ables were summarized using means and sd, with means for 
phases 1 and 2 compared using t test.
Patient-related outcomes were binary and were analyzed 
using a random-effects logistic regression model to include a 
hospital random-effect term. Two sets of models (unadjusted 
and adjusted) were fitted. Unadjusted models only included 
terms for intervention and phase and a random hospital effect. 
To account for the implementation of the 2010 resuscitation 
guidelines, which took place on December 1, 2010, the vari-
able for phase was recategorized into three categories: phase 1 
with 2005 resuscitation guidelines, phase 1 with 2010 resusci-
tation guidelines, and phase 2. The effect for phase reported in 
the Results section is the difference between phase 1 with 2010 
resuscitation guidelines and phase 2, which coincides with the 
implementation of interventions in hospitals 1 and 2. The esti-
mated effect of the intervention is thus adjusted for changes 
between the different phases and between the periods before 
and after the introduction of 2010 resuscitation guidelines and 
for differences between the three hospitals. As the experimental 
design means that the intervention effect is confounded with 
an interaction between phase and intervention, interpretation 
of the results assumes that the change in effects from one phase 
to the next is the same across the three hospitals. Adjusted 
models additionally adjusted 
for patient baseline character-
istics. Results are presented as 
unadjusted and adjusted odds 
ratio (aOR) and 95% CI.
Process-related outcomes 
were either binary or continu-
ous and were analyzed using 
random-effects logistic regres-
sion models or linear-mixed 
models, respectively, to include 
a hospital random-effect 
term. These models were not 
adjusted for baseline character-
istics because it was considered 
that patient factors should not 
affect delivery of high-quality 
CPR and so the models only 
included a term for interven-
tion and a term for phase, with 
phase recategorized as above 
to adjust for implementation 
of the 2010 guidelines. Results 
Figure 1. Study flow diagram. *Other reasons for exclusion include patient did not sustain a cardiac arrest 
(n = 16), cardiac arrest not attended by hospital emergency team (n = 12), duplicate event in database (n = 1), 
technical error where defibrillator gave real-time feedback in study phase 1 (n =1). DNACPR = do not attempt 
cardiopulmonary resuscitation.
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for binary outcomes are presented as OR (95% CI), whereas 
results for continuous outcomes are reported as mean differ-
ence (95% CI). For continuous variables, outcome variances in 
the different intervention groups were also compared using the 
F test, with results presented as F-statistic and p value.
The primary intention-to-treat analysis compared interven-
tion patients with control group patients (all patients in phase 
1 plus hospital 3 patients in phase 2). Two secondary analyses, 
which were not defined a priori, were also undertaken. The 
first of these was a per-protocol analysis whereby the primary 
analysis was repeated with only patients for whom accelerom-
eter data were available. The second compared phase 2 patients 
with phase 1 patients. This was undertaken within hospitals 
and across all hospitals to analyze for the existence of a system-
wide effect. In all analyses, a p value of less than or equal to 
0.05 was considered statistically significant. All models were 
fitted using the gamm4 package (gamm4: Generalized addi-
tive mixed models using mgcv and lme4, Simon Wood, 2011, 
http://CRAN.R-project.org/package=gamm4) in R statisti-
cal program (R: A Language and Environment for Statistical 
Computing, R Development Core Team; R Foundation for 
Statistical Computing, Vienna, Austria).
RESULTS
During the study period, 1,739 cardiac arrest events were 
screened for study inclusion, of which 1,395 (761 phase 1 
and 634 phase 2) were eligible (Fig. 1). Reasons for exclusion 
included out-of-hospital cardiac arrest (n = 215), do not 
attempt CPR order (n = 6), previous study participation 
(n = 71), and cardiac arrest events in the 3-week transition 
between study phases (n = 22). Patient outcome data were 
available for all participants, but process data were available 
for only 674 cardiac arrest events (48.32%). The median dura-
tion of process data included per event was 5 minutes for most 
process outcomes so sensitivity analyses of event duration 
were not conducted (online supplement, Supplemental Digital 
Content 1, http://links.lww.com/CCM/B363).
Real-time audiovisual feedback was activated on study defi-
brillators at hospitals 1 and 2 in November 2011. In total, it was 
used at 100 cardiac arrest events (58.8%) at hospital 1 and 188 
cardiac arrest events (54.8%) at hospital 2. Between November 
2011 and May 2013, 74 weekly postevent cardiac arrest debrief-
ing meetings were held at hospital 2. Meetings were attended 
by a total of 323 clinicians, with a mean attendance per meet-
ing of 12.6 (sd, 4.7).
Demographic data were similar for patients in phases 1 and 
2 of the study, both within each hospital and across all hospitals 
(Table 1). Compared with no intervention, the primary analysis 
found that neither real-time audiovisual feedback (aOR, 0.62; 
95% CI, 0.31–1.22; p = 0.17) nor real-time audiovisual feedback 
supplemented by postevent debriefing (aOR, 0.65; 95% CI, 0.35–
1.21; p = 0.17) had a statistically significant effect on return of 
spontaneous circulation or any patient-related outcome (Table 
2). Similarly, neither intervention had a statistically significant 
effect on any process-related outcome (Table 3).
TAbLE 1. Demographic Data by Hospital Site
Patient Characteristics
All Hospitals Hospital 1 Hospital 2 Hospital 3
Phase 1  
(n = 761)
Phase 2  
(n = 634) pa
Phase 1  
(n = 230)
Phase 2  
(n = 170) pa
Phase 1  
(n = 403)
Phase 2  
(n = 343) pa
Phase 1  
(n = 128)
Phase 2  
(n = 121) pa
Gender (male), n (%) 426 (56.0) 363 (57.3) 0.632 128 (55.7) 90 (52.9) 0.590 233 (57.8) 209 (60.9) 0.388 65 (50.8) 64 (52.9) 0.739
Age, mean (sd) 75.0 (13.93) 74.1 (13.81) 0.219 77.1 (13.69) 76.6 (11.88) 0.674 73.3 (14.25) 71.9 (14.85) 0.192 76.7 (12.63) 76.9 (12.17) 0.896
Patient type, n (%)
  Medical 635 (83.4) 540 (85.2) 0.548 188 (82.5) 133 (78.2) 0.532 328 (81.4) 291 (84.8) 0.326 119 (91.5) 116 (95.9) 0.239
  Surgical 120 (15.8) 92 (14.5) 37 (16.2) 35 (20.6) 74 (18.4) 52 (15.2) 9 (6.9) 5 (4.1)
  Obstetric 1 (0.1) 0 (0) 0 (0) 0 (0) 1 (0.2) 0 (0) 0 (0) 0 (0)
  Trauma 5 (0.7) 2 (0.3) 3 (1.3) 2 (1.2) 0 (0) 0 (0) 2 (1.5) 0 (0)
Initial rhythm, n (%)b
  Ventricular fibrillation 68 (8.9) 56 (8.8) 0.081 12 (5.2) 7 (4.1) 0.153 45 (11.2) 40 (11.7) 0.137 11 (8.6) 9 (7.4) 0.983
  Ventricular tachycardia 29 (3.8) 35 (5.5) 11 (4.8) 9 (5.3) 12 (3.0) 20 (5.8) 6 (4.7) 6 (5.0)
  Pulseless electrical activity 352 (46.3) 327 (51.6) 97 (42.2) 93 (54.7) 191 (47.4) 174 (50.7) 64 (50.0) 60 (49.6)
  Asystole 225 (29.6) 158 (24.9) 79 (34.3) 45 (26.5) 112 (27.8) 79 (23.0) 34 (26.6) 34 (28.1)
  Missing/not determined 87 (11.4) 58 (9.1) 31 (13.5) 16 (9.4) 43 (10.7) 30 (8.7) 13 (10.2) 12 (9.9)
Cardiac arrest witnessed, n (%) 483 (63.5) 412 (65.0) 0.557 135 (58.7) 106 (62.4) 0.460 272 (67.5) 229 (66.8) 0.832 76 (59.4) 77 (63.6) 0.490
Cardiac arrest monitored, n (%) 330 (43.4) 266 (42.0) 0.597 95 (41.3) 57 (33.5) 0.113 181 (44.9) 159 (46.4) 0.693 54 (42.2) 50 (41.3) 0.890
a The p value for the comparison of mean ages is obtained using a t test, and p values for other characteristics are obtained using chi-square tests.
b Missing/not determined values are not used in the chi square test.
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Similar results to the primary analysis were observed in 
per-protocol analysis, with neither intervention being found 
to have a statistically significant effect on any patient out-
come (Table 2). In this analysis, real-time audiovisual feedback 
supplemented by postevent debriefing was found to increase 
the proportion of patients who received a chest compression 
rate in the range of 100–120 chest compressions per minute 
(OR, 2.42; 95% CI, 1.17–4.98; p = 0.02). In addition, the provi-
sion of real-time feedback alone was actually associated with a 
decrease in chest compression flow-fraction (mean difference, 
–4.56; 95% CI, –7.64 to –1.48; p = 0.004). For all other process-
focused outcomes, neither intervention was found to affect 
CPR quality (Table 3).
This lack of effect was attributed to marked improve-
ments in CPR quality that were observed during phase 2 at 
the control site (Table 4). The analysis that compared phase 
2 with those in phase 1 found that patients in phase 2 were 
more likely to achieve ROSC (aOR, 1.87; 95% CI, 1.06–3.30; 
p = 0.03). However, this improvement did not translate to 
statistically significant improvements in survival to dis-
charge or neurologically intact survival (Table 2). Within 
each hospital site, there was no difference between study 
phases for any patient outcome (Table 4; and online sup-
plement, Supplemental Digital Content 1, http://links.lww.
com/CCM/B363).
This analysis also identified system-wide improvements 
between phases 1 and 2 in process-focused outcomes, both 
across all hospitals and within hospital sites (Tables 3 and 
4; and online supplement, Supplemental Digital Content 1, 
http://links.lww.com/CCM/B363). In particular, the likelihood 
of the delivery of guideline-adherent care improved across 
all hospitals in phase 2 in relation to chest compression rate 
(OR, 2.90; 95% CI, 1.49–5.66; p = 0.002), chest compression 
depth (OR, 2.11; 95% CI, 1.00–4.44; p = 0.05), but there was 
no change in relation to chest compression incomplete release 
(OR, 0.98; 95% CI, 0.47–2.09; p = 0.98). We also observed an 
improvement in flow-fraction (mean difference, 5.91; 95% CI, 
3.17–8.64; p < 0.001). There was also evidence of reduced out-
come variability between phases 1 and 2 in relation to chest 
compression rate (F = 1.575; p < 0.001) and chest compres-
sion depth (F = 1.594; p = 0.001), but not in relation to flow-
fraction (F = 1.070; p = 0.27).
DISCUSSION
This prospective cohort study assessed the effect of implement-
ing real-time audiovisual feedback and real-time audiovisual 
feedback supplemented by postevent debriefing on patient and 
process-focused outcomes at in-hospital adult cardiac arrest. 
The interventions were intended to improve clinician adher-
ence to cardiac arrest guidelines.
In the initial analysis, there was no evidence of an associa-
tion between return of spontaneous circulation and the imple-
mentation of either real-time audiovisual feedback (aOR, 0.62; 
95% CI, 0.31–1.22; p = 0.17) or real-time audiovisual feedback 
supplemented by postevent debriefing (aOR, 0.65; 95% CI, 
TAbLE 1. Demographic Data by Hospital Site
Patient Characteristics
All Hospitals Hospital 1 Hospital 2 Hospital 3
Phase 1  
(n = 761)
Phase 2  
(n = 634) pa
Phase 1  
(n = 230)
Phase 2  
(n = 170) pa
Phase 1  
(n = 403)
Phase 2  
(n = 343) pa
Phase 1  
(n = 128)
Phase 2  
(n = 121) pa
Gender (male), n (%) 426 (56.0) 363 (57.3) 0.632 128 (55.7) 90 (52.9) 0.590 233 (57.8) 209 (60.9) 0.388 65 (50.8) 64 (52.9) 0.739
Age, mean (sd) 75.0 (13.93) 74.1 (13.81) 0.219 77.1 (13.69) 76.6 (11.88) 0.674 73.3 (14.25) 71.9 (14.85) 0.192 76.7 (12.63) 76.9 (12.17) 0.896
Patient type, n (%)
  Medical 635 (83.4) 540 (85.2) 0.548 188 (82.5) 133 (78.2) 0.532 328 (81.4) 291 (84.8) 0.326 119 (91.5) 116 (95.9) 0.239
  Surgical 120 (15.8) 92 (14.5) 37 (16.2) 35 (20.6) 74 (18.4) 52 (15.2) 9 (6.9) 5 (4.1)
  Obstetric 1 (0.1) 0 (0) 0 (0) 0 (0) 1 (0.2) 0 (0) 0 (0) 0 (0)
  Trauma 5 (0.7) 2 (0.3) 3 (1.3) 2 (1.2) 0 (0) 0 (0) 2 (1.5) 0 (0)
Initial rhythm, n (%)b
  Ventricular fibrillation 68 (8.9) 56 (8.8) 0.081 12 (5.2) 7 (4.1) 0.153 45 (11.2) 40 (11.7) 0.137 11 (8.6) 9 (7.4) 0.983
  Ventricular tachycardia 29 (3.8) 35 (5.5) 11 (4.8) 9 (5.3) 12 (3.0) 20 (5.8) 6 (4.7) 6 (5.0)
  Pulseless electrical activity 352 (46.3) 327 (51.6) 97 (42.2) 93 (54.7) 191 (47.4) 174 (50.7) 64 (50.0) 60 (49.6)
  Asystole 225 (29.6) 158 (24.9) 79 (34.3) 45 (26.5) 112 (27.8) 79 (23.0) 34 (26.6) 34 (28.1)
  Missing/not determined 87 (11.4) 58 (9.1) 31 (13.5) 16 (9.4) 43 (10.7) 30 (8.7) 13 (10.2) 12 (9.9)
Cardiac arrest witnessed, n (%) 483 (63.5) 412 (65.0) 0.557 135 (58.7) 106 (62.4) 0.460 272 (67.5) 229 (66.8) 0.832 76 (59.4) 77 (63.6) 0.490
Cardiac arrest monitored, n (%) 330 (43.4) 266 (42.0) 0.597 95 (41.3) 57 (33.5) 0.113 181 (44.9) 159 (46.4) 0.693 54 (42.2) 50 (41.3) 0.890
a The p value for the comparison of mean ages is obtained using a t test, and p values for other characteristics are obtained using chi-square tests.
b Missing/not determined values are not used in the chi square test.
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0.35–1.21; p = 0.17). Similarly, the interventions were not asso-
ciated with a change in survival to discharge, neurologic out-
come, or any process-focused outcome. A secondary analysis 
assessed for evidence of a system-wide impact on patient and 
process-focused outcomes by comparing study phases 1 and 2. 
This demonstrated an improvement in return of spontaneous 
circulation (aOR, 1.87; 95% CI, 1.06–3.30; p = 0.03) across all 
hospitals and improvements in process-focused outcomes, both 
across all hospitals and within individual hospitals. Although 
there was no effect on survival to discharge or neurologic out-
come, the study was not powered to detect such differences.
These findings may be explained in a number of ways. First, 
it is possible that the interventions had no effect on CPR quality, 
due to either the interventions themselves being ineffective or due 
to poor implementation. In this case, the results of the secondary 
analysis, which treats the study as a before-after study, may simply 
reflect a change over time. However, if this were the case, then 
it would be reasonable to expect the change in ROSC to mirror 
that observed in the “Get with the guidelines” in-hospital cardiac 
arrest registry, where an association has been observed between 
the length of a hospital’s registry participation and ROSC (20). 
However, the ROSC improvement in this study (aOR, 1.87; 95% 
CI, 1.06–3.30) is markedly higher than the improvement associ-
ated with each year of registry participation (aOR, 1.02; 95% CI, 
1.00–1.04), making it unlikely that the observed improvements 
in this study simply represent an improvement over time.
A second explanation may be that the observed effect 
was real, but caused by factors external to the interventions. 
Implementation of new defibrillator technology required staff 
training in its usage, both initially and through annual resus-
citation updates. As a result, staff were aware of the ongoing 
study examining CPR quality. This likely led to an increased 
TAbLE 2. Analyses and Patient-Focused Outcomes
Analysis and Patient-Focused Outcomes
Unadjusted OR  
(95% CI) p
Adjusted OR  
(95% CI) p
Intention-to-treat analysisa
  Return of spontaneous circulation
   Feedback 0.66 (0.36–1.20) 0.17 0.62 (0.31–1.22) 0.17
   Feedback + postevent debriefing 0.76 (0.44–1.30) 0.32 0.65 (0.35–1.21) 0.17
  Survival to discharge
   Feedback 0.71 (0.37–1.36) 0.30 0.90 (0.39–2.06) 0.80
   Feedback + postevent debriefing 1.17 (0.68–2.02) 0.56 0.88 (0.43–1.78) 0.72
 Good neurologic recovery (CPC 1/2)
   Feedback 0.77 (0.38–1.56) 0.47 0.92 (0.37–2.30) 0.86
   Feedback + postevent debriefing 1.37 (0.77–2.46) 0.29 1.10 (0.52–2.35) 0.80
Per-protocol analysisb
  Return of spontaneous circulation
   Feedback 0.89 (0.42–1.86) 0.76 0.81 (0.36–1.79) 0.60
   Feedback + postevent debriefing 1.16 (0.58–2.32) 0.67 1.18 (0.57–2.46) 0.66
  Survival to discharge
   Feedback 1.01 (0.24–4.26) 0.99 0.91 (0.40–2.10) 0.83
   Feedback + postevent debriefing 1.44 (0.40–5.22) 0.58 0.88 (0.43–1.80) 0.73
  Neurologically-intact survival (CPC 1/2)
   Feedback 2.62 (0.30–23.30) 0.39 3.74 (0.33–42.06) 0.86
   Feedback + postevent debriefing 3.87 (0.49–30.47) 0.20 3.95 (0.41–38.42) 0.80
Phase 2 compared with phase 1a
  Return of spontaneous circulation 1.45 (0.88–2.39) 0.14 1.87 (1.06–3.30) 0.03
  Survival to discharge 1.02 (0.59–1.76) 0.95 1.40 (0.68–1.40) 0.35
 Good neurologic recovery (CPC 1/2) 0.86 (0.48–1.55) 0.62 1.08 (0.50–2.34) 0.85
OR = odds ratio, CPC = cerebral performance category.
a Analyses includes all patients.
b Analysis includes the subset of 406 patients with accelerometer data.
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TAbLE 3. Analyses of Process-Focused Outcomes
Analysis of Process-Focused Outcomes Treatment Effect pa
Intention-to-treat analysisb
  Chest compression depth > 5 cm, odds ratio (95% CI)c
   Feedback 0.55 (0.26–1.17) 0.12
   Feedback + postevent debriefing 1.05 (0.52–2.11) 0.90
  Incomplete release < 2.5%, odds ratio (95% CI)c
   Feedback 0.49 (0.22–1.07) 0.07
   Feedback + postevent debriefing 0.91 (0.46–1.83) 0.80
  Chest compression rate of 100–120 cpm, odds ratio (95% CI)
   Feedback 1.52 (0.68–3.39) 0.31
   Feedback + postevent debriefing 1.00 (0.48–2.09) 0.99
  Flow-fraction (%), mean difference (95% CI)
   Feedback –2.13 (–5.33 to 1.08) 0.19
   Feedback + postevent debriefing –1.53 (–4.48 to 1.41) 0.31
  Preshock pause (s), mean difference (95% CI)
   Feedback 2.85 (–5.68 to 11.37) 0.51
   Feedback + postevent debriefing –1.05 (–8.52 to 6.41) 0.78
  Postshock pause (s), mean difference (95% CI)
   Feedback –0.37 (–3.61 to 2.87) 0.82
   Feedback + postevent debriefing –1.23 (–3.91 to 1.45) 0.37
Per-protocol analysisb
  Chest compression rate of 100–120 cpm, odds ratio (95% CI)
   Feedback 1.38 (0.64–2.94) 0.41
   Feedback + postevent debriefing 2.42 (1.17–4.98) 0.02
  Flow-fraction (%), mean difference (95% CI)
   Feedback –4.56 (–7.64 to –1.48) 0.004
   Feedback + postevent debriefing –2.12 (–4.97 to 0.73) 0.15
  Preshock pause (s), mean difference (95% CI)
   Feedback 1.10 (–5.11 to 7.31) 0.73
   Feedback + postevent debriefing –4.13 (–9.80 to 1.53) 0.16
  Postshock pause (s), mean difference (95% CI)
   Feedback 1.45 (–3.80 to 6.69) 0.59
   Feedback + postevent debriefing –1.06 (–5.97 to 3.85) 0.67
Phase 2 compared with phase 1b
  Chest compression depth > 5cm, odds ratio (95% CI) 2.11 (1.00–4.44) 0.05
  Incomplete release < 2.5%, odds ratio (95% CI) 0.98 (0.47–2.09) 0.98
  Chest compression rate of 100–120 cpm, odds ratio (95% CI) 2.90 (1.49–5.66) 0.002
  Flow-fraction (%), mean difference (95% CI) 5.91 (3.17 to 8.64) < 0.001
  Preshock pause (s), mean difference (95% CI) –6.49 (–13.39 to 0.41) 0.07
  Postshock pause (s), mean difference (95% CI) –1.97 (–4.73 to 0.79) 0.16
a The p value for outcomes where mean difference is reported are obtained using a t test. The p value for outcomes where odds ratio is reported are obtained 
using logistic regression. Results are obtained using the models described in the Methods section.
b Intention-to-treat and phase 2 compared with phase 1 analyses include all patients with available process data. The per-protocol analysis includes only patients 
with available accelerometer data.
c Not repeated for per-protocol analysis because only patients with accelerometer data could be included in intention-to-treat analysis.
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awareness of the importance of CPR and contributed to a 
Hawthorne effect. However, as before, the magnitude of the 
observed improvements makes it unlikely that this explanation 
fully explains the observed effects, given that implementation 
of this defibrillator technology in previous before-after studies 
have produced very modest improvements in CPR quality and 
had no impact on patient outcome (10, 21).
Another external factor of note was the implementation of 
the 2010 resuscitation guidelines during phase 1 of the study 
(14). These guidelines placed increased emphasis on CPR qual-
ity and increased the recommended chest compression depth. 
The implementation of guidelines in clinical practice is com-
plex, such that the most effective guideline implementation 
strategy remains unclear (9, 22). It may be that interventions 
improved practice by reinforcing best resuscitation practice, 
given that improvements in care delivery extended to metrics, 
such as chest compression rate, which were not changed by the 
2010 guidelines. Our statistical models sought to adjust for 
changes caused by guideline changes in phase 1 although this 
change may nevertheless represent a potential confounder in 
our analyses.
A more likely explanation for our findings is that although 
interventions were effective, there was intersite intervention 
contamination. In this respect, the greatest strength of this 
study also represented its greatest weakness. The high likeli-
hood of a learning effect associated with interventions pre-
cluded the use of patient randomization. Therefore, we opted 
for a prospective cohort study design with interventions allo-
cated by hospital site in an attempt to minimize bias through 
contamination. To avoid the methodological weaknesses 
associated with before-after studies, no intervention was deliv-
ered at hospital 3 for the duration of the study to allow for the 
estimation of system-wide temporal changes. This approach 
would also allow an estimation of the effect associated with 
real-time audiovisual feedback when implemented alone, and 
when delivered alongside debriefing.
The approach, however, proved to be flawed. During the 
study, we observed an unanticipatedly high level of staff rota-
tion between sites. Although intersite rotation incorporated 
all staff groups including doctors, it was particularly marked 
among critical care outreach staff. Critical care outreach staff 
are experienced critical care nurses, who have both a clinical 
and an educational component to their role (23). They form a 
core component of the hospital emergency team on a 24-hour 
basis at each site and may act as emergency team leader. 
Although personnel are predominantly based at one hospital, 
they are frequently required to work at other hospitals within 
the organization. This staff rotation likely led to cross-site con-
tamination, which may have contributed to the observed sys-
tem-wide improvement in CPR quality and ROSC. As a result 
of this contamination, it was no longer possible to compare 
the impact of real-time audiovisual feedback versus real-time 
audiovisual feedback implemented alongside debriefing.
Contamination is frequently cited as a concern during 
study design, but it is a poorly researched area of study design 
and analysis (24, 25). In this study, factors such as undertak-
ing the study in a single organization, rotation of clinicians 
between intervention sites, and inclusion of clinicians from 
the same team, all likely increased the risk of contamina-
tion (25). Cluster randomized controlled trials are frequently 
TAbLE 4. Patient-Focused and Process-Focused Outcomes by Hospital Site
Patient and Process-Focused Outcomes
All Hospitals Hospital 1 Hospital 2 Hospital 3
Phase 1  
(n = 761)
Phase 2  
(n = 634) pa
Phase 1  
(n = 230)
Phase 2  
(n = 170) pa
Phase 1  
(n = 403)
Phase 2  
(n = 343) pa
Phase 1  
(n = 128)
Phase 2  
(n = 121) pa
Patient-focused outcomes, n (%)
  Return of spontaneous circulation 341 (44.8) 323 (50.9) 0.03 89 (38.7) 71 (41.8) 0.68 207 (51.4) 191 (55.7) 0.20 45 (35.1) 61 (50.4) 0.26
  Survival to discharge 137 (18.0) 111 (17.5) 0.35 39 (17.0) 22 (12.9) 0.97 77 (19.1) 68 (19.8) 0.55 21 (16.4) 21 (17.4) 0.28
 Good neurologic recovery (CPC 1/2) 127 (16.7) 99 (15.6) 0.85 34 (14.8) 19 (11.2) 0.73 73 (18.1) 63 (18.4) 0.73 20 (15.6) 17 (14.0) 0.60
Process-focused outcomes, mean (sd)b
  Compression rate (per min) 122.29 (14.42) 115.23 (19.12) 0.005 126.69 (16.82) 115.73 (10.75) < 0.001 120.22 (12.27) 115.55 (24.31) 0.08 121.37 (14.69) 113.66 (11.29) 0.02
  Compression depth (mm) 46.51 (16.58) 52.37 (10.81) 0.009 50.42 (23.92) 48.83 (10.09) 0.38 46.22 (15.00) 54.07 (10.63) < 0.001 45.24 (18.24) 53.44 (11.40) 0.01
  Flow-fraction (%) 79.07 (8.38) 83.18 (9.04) < 0.001 78.06 (7.54) 81.87 (7.44) 0.003 79.95 (7.72) 83.52 (9.78) 0.001 78.24 (10.69) 84.16 (9.00) 0.002
  Incomplete release (%) 14.96 (19.41) 12.02 (16.69) 0.67 14.37 (19.81) 12.07 (14.28) 0.91 14.42 (18.99) 11.56 (16.33) 0.87 17.82 (21.78) 13.55 (22.00) 0.75
  Preshock pause (s) 15.09 (10.90) 8.17 (8.09) 0.07 14.55 (7.82) 10.84 (9.21) 0.31 13.33 (10.74) 5.88 (6.89) 0.04 19.93 (12.85) 9.95 (8.42) 0.10
  Postshock pause (s) 5.58 (6.10) 3.50 (2.89) 0.16 3.74 (2.57) 3.84 (4.23) 0.59 5.64 (6.23) 2.98 (1.58) 0.01 6.87 (7.68) 4.21 (3.48) 0.13
CPC = cerebral performance category.
ap values for patient-focused and process-focused outcomes are adjusted and obtained using the models described in the Methods section.
b Process data based for chest compression rate and flow-fraction based on 310 patients (87 hospital 1, 159 hospital 2, and 64 hospital 3)  
during phase 1 and 364 patients (101 hospital 1, 191 hospital 2, and 72 hospital 3) during phase 2. Data for chest compression depth and incomplete  
 release based on 121 patients (13 hospital 1, 88 hospital 2, and 20 hospital 3) during phase 1, and 285 patients  
(87 hospital 1, 155 hospital 2, and 43 hospital 3) during phase 2.
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cited as a useful trial design when there is a risk of contami-
nation. Access to only three hospital sites meant that cluster 
randomization was not feasible in this study. Furthermore, 
even a well-designed cluster randomized study may not fully 
obviate the risk of contamination. For example, in a cluster 
randomized trial examining the implementation of medical 
emergency teams, one possible explanation for the absence of 
effect was increased awareness of medical emergency teams 
and patient safety nationally leading to improvements at con-
trol hospitals (26).
The study results broadly correlate with findings in other 
studies. Real-time audiovisual feedback may be provided by a 
range of devices, ranging from basic metronomes to acceler-
ometer devices, but the impact of these devices may vary sig-
nificantly (27). A recent meta-analysis of three clinical studies 
of real-time audiovisual feedback found that the technology 
was associated with significant improvements in CPR quality, 
but this did not translate in to an improvement in ROSC (28). 
Postevent debriefing is a complex intervention, with many 
connotations described in the literature (29). A meta-analysis 
of four studies reported that the intervention was associated 
with an improvement in CPR quality and ROSC (OR, 1.46; 
95% CI, 1.01–2.13; p = 0.05) (30).
In practice, real-time audiovisual feedback is often provided 
alongside debriefing because the technology enables the col-
lection of CPR quality data, which can be used to forensically 
reconstruct cardiac arrest events for postevent debriefing (29). 
In a simulation study, this combination of approaches had a 
cumulative effect on CPR quality (31). Clinical studies have 
described the implementation of cardiac arrest improvement 
bundles, where postevent debriefing, real-time audiovisual 
feedback, or both interventions are combined with other 
interventions, such as pit-crew models of resuscitation, in situ 
mock cardiac arrests, and intensive training (32–35). Such 
approaches have produced impressive results, with studies 
reporting increased hospital survival in both pediatric in-hos-
pital and adult out-of-hospital cardiac arrest (32, 34).
Published data suggest that both real-time audiovisual feed-
back and postevent debriefing are associated with improve-
ments in CPR quality. In some studies, this has translated 
into improvements in ROSC and hospital survival. However, 
most studies in this area have adopted a before/after inter-
vention study design, making it difficult to establish a causal 
relationship between intervention and effect (36). The 2010 
International Liaison Committee on Resuscitation Consensus 
on Science document made a somewhat cautious recommen-
dation supporting the use of both interventions (12). More 
recently, American Heart Association consensus statements 
have advocated the implementation of both real-time audiovi-
sual feedback and cardiac arrest debriefing (37, 38).
Our study has several strengths and weaknesses. A key 
strength is that it is the largest study to date of the use of 
real-time audiovisual feedback and postevent debriefing in 
the in-hospital setting. We attempted to design a study that 
incorporated a control group during phase 2 of the study, 
but, as discussed, intervention contamination may have led 
to improvements at the control site. This evidence of poten-
tial contamination prompted us to analyze for a system-wide 
effect, using an analysis that we had not defined a priori. 
Although this post hoc analysis should be treated with some 
TAbLE 4. Patient-Focused and Process-Focused Outcomes by Hospital Site
Patient and Process-Focused Outcomes
All Hospitals Hospital 1 Hospital 2 Hospital 3
Phase 1  
(n = 761)
Phase 2  
(n = 634) pa
Phase 1  
(n = 230)
Phase 2  
(n = 170) pa
Phase 1  
(n = 403)
Phase 2  
(n = 343) pa
Phase 1  
(n = 128)
Phase 2  
(n = 121) pa
Patient-focused outcomes, n (%)
  Return of spontaneous circulation 341 (44.8) 323 (50.9) 0.03 89 (38.7) 71 (41.8) 0.68 207 (51.4) 191 (55.7) 0.20 45 (35.1) 61 (50.4) 0.26
  Survival to discharge 137 (18.0) 111 (17.5) 0.35 39 (17.0) 22 (12.9) 0.97 77 (19.1) 68 (19.8) 0.55 21 (16.4) 21 (17.4) 0.28
 Good neurologic recovery (CPC 1/2) 127 (16.7) 99 (15.6) 0.85 34 (14.8) 19 (11.2) 0.73 73 (18.1) 63 (18.4) 0.73 20 (15.6) 17 (14.0) 0.60
Process-focused outcomes, mean (sd)b
  Compression rate (per min) 122.29 (14.42) 115.23 (19.12) 0.005 126.69 (16.82) 115.73 (10.75) < 0.001 120.22 (12.27) 115.55 (24.31) 0.08 121.37 (14.69) 113.66 (11.29) 0.02
  Compression depth (mm) 46.51 (16.58) 52.37 (10.81) 0.009 50.42 (23.92) 48.83 (10.09) 0.38 46.22 (15.00) 54.07 (10.63) < 0.001 45.24 (18.24) 53.44 (11.40) 0.01
  Flow-fraction (%) 79.07 (8.38) 83.18 (9.04) < 0.001 78.06 (7.54) 81.87 (7.44) 0.003 79.95 (7.72) 83.52 (9.78) 0.001 78.24 (10.69) 84.16 (9.00) 0.002
  Incomplete release (%) 14.96 (19.41) 12.02 (16.69) 0.67 14.37 (19.81) 12.07 (14.28) 0.91 14.42 (18.99) 11.56 (16.33) 0.87 17.82 (21.78) 13.55 (22.00) 0.75
  Preshock pause (s) 15.09 (10.90) 8.17 (8.09) 0.07 14.55 (7.82) 10.84 (9.21) 0.31 13.33 (10.74) 5.88 (6.89) 0.04 19.93 (12.85) 9.95 (8.42) 0.10
  Postshock pause (s) 5.58 (6.10) 3.50 (2.89) 0.16 3.74 (2.57) 3.84 (4.23) 0.59 5.64 (6.23) 2.98 (1.58) 0.01 6.87 (7.68) 4.21 (3.48) 0.13
CPC = cerebral performance category.
ap values for patient-focused and process-focused outcomes are adjusted and obtained using the models described in the Methods section.
b Process data based for chest compression rate and flow-fraction based on 310 patients (87 hospital 1, 159 hospital 2, and 64 hospital 3)  
during phase 1 and 364 patients (101 hospital 1, 191 hospital 2, and 72 hospital 3) during phase 2. Data for chest compression depth and incomplete  
 release based on 121 patients (13 hospital 1, 88 hospital 2, and 20 hospital 3) during phase 1, and 285 patients  
(87 hospital 1, 155 hospital 2, and 43 hospital 3) during phase 2.
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caution, we felt it justified in the circumstances. A further 
study limitation is that the study was conducted in a single UK 
NHS Trust although it is noteworthy that demographic and 
outcome data in this cohort were broadly comparable with 
those reported in the UK national in-hospital cardiac arrest 
audit (8). Clinicians often failed to use the accelerometer puck 
that collected chest compression depth and incomplete release 
data. This was a particular problem in the phase 1 of the study, 
where clinicians received no immediate benefit from use of the 
technology. Because puck users particularly in phase 1 were 
likely more interested in resuscitation, they may have delivered 
higher quality CPR thereby inflating CPR quality in phase 1 of 
the study and reducing observed differences between phases 1 
and 2. Finally, process data were only available for 48% cardiac 
arrest events. Unfortunately, we did not maintain a record of 
reasons for nonavailability of data. However, some common 
reasons for this, such as short cardiac arrest events and techni-
cally inadequate data, were outside our control. It is accepted 
that this may have biased our analysis of process data.
CONCLUSION
Implementation of real-time audiovisual feedback with or 
without postevent debriefing did not lead to a measurable 
improvement in patient or process-related outcome at indi-
vidual sites. However, there was an unexplained system-wide 
improvement in ROSC and CPR quality, which may be attrib-
utable to factors such as contamination of intervention effects 
between sites or the implementation of the 2010 resuscitation 
guidelines.
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